Fig. S1
z-piezo displacement (left) and measured force (right) versus time signals obtained on a living 3T3 cell with different contact times and oscillation frequencies. In all measurements, the piezo remains at the resting position z=0 nm, then travels a total distance of 550 nm, during a time of 100 ms, and keeps the position (maximum indentation) for a time between 100 ms to 10 s according to the frequency applied. The contact region of the curve, shadowed in the right figures, shows a typical forcerelaxation shape for a viscoelastic material. With increasing oscillation frequencies of the applied deformation (1 Hz, 1 kHz and 100 kHz from top to bottom), the measured amplitude of the resulting force increases, indicating a frequency-dependence of the response. The relaxation of stress observed in the force signal induced a change in deflection <3 nm, resulting in a variation of the contact area <1% assumed negligible.
Fig. S2
Frequency response of the piezoelectric element between 1 Hz and 1 MHz (left) and zoom of the experimental frequency range 1 Hz-100 kHz (right). The calibration conditions (sample supports, liquid environment) and applied piezo amplitudes were exactly the same as those used during measurements on cells. Error bars represent the standard error of the mean (N=25). A) Phase delay. The graph shows that the total phase delay of the setup (thus between the recorded input and output signals) is very close to zero up to 30 kHz, and reaches the maximum between 200 and 300 kHz, i.e. at the piezo resonance frequency. B) Relative oscillation amplitude. The graph shows the amplitude ratio normalized at 1 Hz. Up to 30 kHz, the output amplitude is constant for an applied voltage, while it starts increasing at frequencies higher than 30 kHz. In particular, at 100 kHz the output amplitude is close to the double as that at low frequencies, for the same applied voltage. Therefore, we used these ratios to correct for the different responses and obtain the same oscillation amplitude at all frequencies measured. 
